Study Design. Cross-sectional psychometric testing in a sample of patients with low back pain (LBP). Objective. The aim of this study was to examine the construct, convergent, and discriminative validity of the Brief Pain Inventory (BPI) in patients with LBP. Summary of Background Data. The BPI was originally developed to assess cancer pain. Currently, it is commonly used to measure pain intensity and pain interference in patients with malignant or nonmalignant pain. However, the two-factor construct of the BPI has not been confirmed in an LBP population. Methods. A total of 271 patients with LBP completed the BPI and Oswestry Disability Index (ODI) questionnaires. The construct validity (i.e., the two-factor structure: intensity scale and interference scale) of the BPI was determined by confirmatory factor analysis. The convergent validity was investigated by examining the relationships between the BPI scales and the ODI scores. The discriminative validity of the BPI was examined by testing if the BPI scale scores differed among groups of patients with different levels of disability.
L ow back pain (LBP) is a global burden of disease that continues to have major clinical and economic impacts. 1 A recent study indicates that LBP causes more years lived with disability than any other health condition. 1 As a result, pain and its impact on functioning are two major outcome indicators in patients with LBP. [2] [3] [4] The Brief Pain Inventory (BPI) is a pain assessment tool primarily designed for measuring pain intensity (four items) and pain interference with functioning in daily living (seven items) in cancer patients. 5 The BPI, which is recommended by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials as a core outcome measure of pain, 6 is commonly used for assessing nonmalignant pain, particularly LBP. 2 Previous studies have demonstrated both the reliability (e.g., internal consistency and test-retest reliability) and validity (e.g., construct, convergent, and discriminative validity) of the BPI across cultures and languages in cancer patients. 5, 7, 8 However, there is very limited evidence on the psychometric properties of the BPI for LBP. 9 Thus, empirical evidence supporting the use of the BPI in patients with LPB remains largely nonexistent, which hampers its utility in both research and clinics.
From the
Construct validity, a critical property of validity, represents the degree to which the score of a measure is an adequate reflection of the dimensionality of the construct to be assessed. 10 Some studies have examined the two-factor construct of the BPI (i.e., pain intensity and pain interference) in patients with nonmalignant pain by using exploratory factor analysis (EFA). 9, 11 However, these studies had some limitations, such as using uncertain or nonspecific samples and not using confirmatory factor analysis (CFA) to validate the factorial structure of the BPI. Using EFA, Tan et al 11 discovered two distinct factors (i.e., pain intensity and pain interference) of the BPI in 440 patients with chronic intractable pain referred to a chronic pain clinic. However, their study was performed in a single center, the majority of the sample were male veterans (91.8%) with relatively severe and chronic pain conditions, and the pain diagnoses were not compiled. 11 These factors greatly limit the generalizability of the findings. In addition, the construct validity of the BPI was examined by EFA in a mixed sample (patients with LBP and arthritis). 9 The study results may not be directly applied to LBP populations because patients with LBP and those with arthritis pain may differ in the ways they perceive their pain and the ways pain interferes with their lives. Furthermore, the psychometric properties of health measurement instruments are largely sample dependent. 12 Thus, the construct validity of the BPI in patients with LBP remains undetermined.
CFA is a more powerful method than EFA to determine the construct validity of a measure. Individual items in the CFA are a priori predicted to load only on theoretically driven latent constructs, whereas those in the EFA load on all not theorized latent constructs. 13 The aim of the current study was therefore to examine the construct validity (i.e., two-factor structure) of the BPI in patients with LBP. The convergent and discriminative validity were also examined to further confirm the validity of the BPI.
MATERIALS AND METHODS

Subjects
We performed a cross-sectional study at the physical therapy clinics of National Taiwan University Hospital, Kaohsiung Municipal Ta-Tung Hospital, and E-DA Hospital in Taiwan. Patients with LBP were recruited between July 2014 and January 2015. Eligible patients were required to have LBP-related diagnoses (e.g., spondylosis, spondylolysis, spondylolisthesis, herniated intervertebral disc, sciatica, nerve root lesion, or lumbar sprain) with or without pain radiating into the leg, and to be 20 years or older. Patients were excluded if they had concomitant joint pain (e.g., shoulder pain or knee pain) or concomitant illness likely to confound the assessment of pain (e.g., a wound or infection), or any serious or unstable medical or psychological conditions (e.g., stroke, cancer, depression, schizophrenia) that could compromise participation in the study. Patients who had undergone a back surgery within the past 30 days were also excluded. The study was approved by the hospitals' institutional review boards. Written informed consent was obtained from all patients before participation.
Procedures
The patients completed the Chinese versions of the BPI 14 and Oswestry Disability Index (ODI) (version 2.1 for examining convergent validity) 15 during the assessment. In addition, we collected basic demographic data (e.g., gender, age, height, weight, education level, and marital and work status) and clinical data (e.g., diagnosis, pain duration, stage, and location).
Measures
Brief Pain Inventory The BPI contains 11 items. Four items assess patients' pain intensity at its worst, least, and average, as well as current pain intensity over the preceding 7 days.
14 The BPI asks patients to rate their pain intensity using a 0 to 10 numeric rating scale, with ''0'' representing ''no pain'' and ''10'' representing ''extreme pain.'' For the other seven items, patients are asked to rate how their pain interferes with seven life domains, including general activity, mood, walking ability, normal work, relations with others, sleep, and enjoyment of life, on a similar type of numeric rating scale. The anchor points in each item of the interference scale are ''0'' (''not interfered'') and ''10'' (''completely interfered''). The scores for the two BPI scales (i.e., pain intensity and pain interference) range from 0 to 10 and are calculated using the mean of their corresponding items' scores. A high score represents a high pain intensity or pain interference.
Oswestry Disability Index
The ODI contains 10 items on the degree of severity to which back (or leg) problems have affected the ability to manage activities in everyday life. 15 The 10 items cover pain and daily function (including pain intensity, personal hygiene, lifting, walking, sitting, standing, sleeping, sexual activity, social activity, and traveling). Each item is scored on a six-point scale (0-5), with ''0'' representing ''no limitation'' and ''5'' representing ''maximal limitation''. The ODI score is calculated by the following formula: [total score/(5 Â number of questions answered)] Â 100. The range of the score is from 0 to 100. A higher score indicates more functional limitation due to back problems.
Statistical Analyses
Statistical analyses were performed using SPSS, version 20.0, and SPSS AMOS, version 21.0 (IBM Corp., Armonk, NY).
Construct Validity
Pain intensity and pain interference were treated as separate latent factors in the hypothesized model. Eight fit indices were selected to evaluate the model fit in CFA: the goodnessof-fit index (GFI), normed fit index (NFI), adjusted goodness-of-fit index (AGFI), non-normed fit index, comparative fit index (CFI), normed chi-square (chi-square/degree of freedom), root mean squared error of approximation (RMSEA), and standardized root mean square residual (SRMR). The model was considered to have acceptable fit if the GFI, NFI, AGFI, and CFI were higher than 0.90, the RMSEA was lower than 0.10, the SRMR was lower than 0.08, and the normed chi-square was lower than 5. 8, 16 With regard to item factor loadings, we used cutoffs of 0.30, indicating a medium loading, for item inclusion. 13 
Convergent Validity
Convergent validity was examined by computing Spearman's correlation between the 2 BPI scale scores and the ODI scores. The BPI-interference score was expected to be moderately correlated with the pain-related disability (ODI score; r ¼ 0.50-0.70) because they measure similar but not identical concepts. 11 Furthermore, it was expected that the BPI-intensity score would have a low correlation with the ODI (r ¼ 0.30-0.50) because they measure conceptually distinct dimensions.
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Discriminative Validity
The discriminative validity of the BPI was assessed by testing if the BPI scale scores differed among groups of patients defined by the disability level of LBP. Specifically, the disability levels were categorized as mild (0%-20%), moderate (21%-40%), and severe (41% and above) based on the ODI score. 17 The BPI scale scores were then compared between groups of patients using one-way analysis of variance. Differences were considered significant when P < 0.05. Fisher least significant difference post-hoc testing was performed for multiple pairwise comparisons where appropriate. The pain intensity and interference scale scores of the BPI were expected to be higher in patients reporting higher levels of disability on the ODI.
RESULTS
A total of 271 patients participated. Among them, 56% were women. Most of the participants were diagnosed with spondylosis, root lesion, or herniated intervertebral disc and suffered from chronic pain. The demographic and clinical data of the study participants are shown in Tables 1 and 2 , respectively.
Construct Validity
The confirmatory factor model for the two-factor solution is presented in Figure 1 . The standardized item loadings ranged from 0.66 to 0.83 for pain intensity, and from 0.58 to 0.76 for pain interference. The fit indices revealed that the two-factor model had somewhat acceptable (mediocre) goodness of fit (Table 3) . However, the NFI and AGFI did not reach 0.90, the SRMR was far greater than 0.08, and the chi-square was significant.
Convergent Validity
The BPI interference score was found to be moderately correlated with the ODI score (r ¼ 0.66, P < 0.001). Furthermore, there was a low correlation between the BPI intensity score and the ODI score (r ¼ 0.39, P < 0.001).
Discriminative Validity
The scores of the BPI intensity and interference scales differed significantly among patients with different levels of disability as classified by the ODI (both P < 0.001). Specifically, patients with mild disability had significantly lower BPI intensity and interference scores than those with moderate and severe disability (Table 4) . Patients with moderate disability also had significantly lower BPI interference scores than those with severe disability (Table 4) .
DISCUSSION
This was the first study to use CFA to confirm the two-factor structure of the BPI in patients with LBP exclusively. The current study has two advantages over the previous studies of the construct validity of the BPI. First, we included a sample of patients with LBP from multiple medical centers, without limiting the sample characteristics to chronic pain. Second, we applied CFA, a more statistically powerful method than the EFA used in previous studies, 9, 11 to confirm the factorial structure of the BPI.
To test the CFA model, there are various fit statistics and cutoff criteria. Using the predetermined cutoff criteria of the chi-square test, absolute fit indices (i.e., GFI, AGFI, and SRMR), incremental (comparative) fit indices (i.e., NFI and CFI), and parsimony-adjusted measure (i.e., RMSEA), it appeared that the current two-factor model did not have sufficient goodness of model fit. Theoretically, a good model Figure 1 . Confirmatory factor analysis for the Brief Pain Inventory (BPI) in Patients with low back pain with standardized factor loadings displayed. Items 1 to 4 (BPI1-BPI4) assess pain intensity in the preceding 7 days at its worst, least, and average, as well as current pain intensity. The item 5 (including seven subitems, BPI5-1-BPI5-7) assesses pain interferences with seven life domains, including general activity, mood, walking ability, normal work, relations with others, sleep, and enjoyment of life. AGFI indicates adjusted goodness-of-fit index; CFI, comparative fit index; df, degree of freedom; GFI, goodness-of-fit index; NFI, normed fit index; RMSEA, root mean squared error of approximation; SRMR, standardized root mean square residual.
fit should adequately represent the sample data. However, the chi-square was significant indicating that the hypothesized model was discrepant from the population's true covariance structure. Some of the fit statistics also indicated that the model did not fit the data well. Firstly, the NFI (0.89) and AGFI (0.87) were slightly below the cut-off point of 0.9, although they were higher than the more liberal cutoff of 0.8. Secondly, the SRMR (0.37) was above the cutoff point of 0.08. The SRMR value assumed to be lower with the increment of sample size or model modification. With regard to item factor loadings, all items had salient factor loadings [defined as factor loadings >0.30 (13)]. Taken together, the results only partially confirm the originally hypothesized two-factor structure of the BPI in patients with LBP. Hence, at present, it is uncertain if the average scores of the four-item intensity scale and the seven-item interference scale represent the severity of pain intensity and the pain interference caused by LBP, respectively. Further studies are warranted to further investigate the two-factor structure of the BPI in patients with LBP. In terms of convergent validity, the BPI intensity and interference scale scores were found to have low and moderate correlations (r ¼ 0.39 and 0.66, respectively) with the ODI score, as expected, indicating satisfactory convergent validity. Similarly, Tan et al 11 and Keller et al 9 found that the associations with the Roland-Morris Disability Questionnaire (RMDQ) were stronger for the BPI interference scale (r ¼ 0.57-0.81) than for BPI intensity scale (r ¼ 0.40-0.57), because the BPI Interference scale assesses a concept more similar to disability than to pain intensity. Both the ODI and the RMDQ are widely used, well-validated measures of LBP-specific functional status. 2 Based on the similar pattern of relationships of BPI scores to the LBPspecific disability measures, the convergent validity of the BPI was generally supported in patients with LBP.
The discriminative validity of the BPI was validated in the current study by its capacity to discriminate between groups defined by their scores on the ODI (i.e., disability level). Similarly, Keller et al 9 found that the BPI could discriminate LBP patients with varying grades of chronic pain. Our study extends that finding by using the post-hoc tests to further demonstrate that the BPI interference scale could successfully discriminate LBP patients with severe and moderate disability from those with mild disability. Although the BPI intensity scale could discriminate between mild and moderate disability, it failed to discriminate between moderate and severe disability. Because pain-related disability is much more conceptually similar to pain interference than to pain intensity, it seems reasonable that the discriminative validity of the BPI interference scale was slightly better than that of the intensity scale. An additional explanation could be that our severe sample group did not include extremely severe patients (the mean ODI score was 49.6, Table 4 ), who would have more intense pain. Because the discriminative validity of the BPI intensity scale was not good enough to discriminate between moderate and severe disability levels of LBP, caution should be exercised when interpreting the disability of LBP based solely on the BPI intensity scale scores alone.
One of the study limitations has to do with the sample characteristics. Our participants were patients who were actively seeking treatment of LBP in hospitals, and the majority (79%) had chronic pain. Hence, the results may not be generalized to the general population of LBP. In addition, only one LBP-specific disability measure (i.e., the ODI) was used in studying the convergent validity of the BPI. The ODI is an outcome measure mainly aimed at surgical patients. However, we did not include surgical patients in the current study. The RMDQ would be better at discriminating different levels of disability. Further studies may be needed to use the RMDQ to further confirm our findings of discriminative validity. Future studies may also include other generic measures (e.g., the SF-36) to further validate the convergent validity of the BPI.
In conclusion, the two-factor structure of the BPI as a measure of pain intensity and interference in patients with LBP was partially confirmed. Furthermore, our results lend some supports to the convergent validity and discriminative validity of the BPI.
Key Points
The BPI appears a valid questionnaire for assessing pain intensity and pain interference in patients with LBP. The BPI is recommended for use as a patientreported outcome measure for pain intensity and pain interference in patients with LBP. Future studies should further verify the construct validity and convergent validity of the BPI in patients with LBP.
